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¯efab j ^A i g j ghf^Hkghsdse_'ghYef`ac9^'¡¹` j ^.gact g¡¢Y\^ j g j ^:WZY\` j gY\e`@cPeYu¡¹^'^ j cd`XtX^:W¬¨|p`Vtd^efW
`@bXY`h¡` j tX^ j °
Y\ud^'e j sg j ^HcEYrs j `X_'^HW\W' ¯efab j ^Wud`rWghc^'Xga].sd^`a¡gacghsdsdfe_'gY\e`@cs j ^H~Ve`@bWfU j bdcdcdefcd`@c
c`Vtd^HW3ude_vuefW j ^HWY\g j Y\^Ht`@c`acdfU¤cd`XtX^HWH
EGF  9ijKNS [ `aphKYsb\M noKNM.`PUTphY `aOIUTS
¾¿ÀnÀnÁ¹ÂÃ
¿Ä s j `~EetX^:WtdgYvgWZY j ^:gh]W3eµY\u^VY j ^'].eYef^HWuef_vu_'gac9^].`~@^Ht¤¡ j `@] `@cd^cd`XtX^(Y`
gacd`hY\ud^ j ghc9tPg j ^"etX^Hc@Y\eµ9^Ht©VU©gbdcde¼@b^NcVbd]9^ j <f 
> "3uefWetX^'cEYe^ j ]gFUJ^Nga j ^Hg@tXUecbW^
ghY¥Y\ud^.Yef].^.`h¡ j ^HWY` j ghYef`ac
¸^.bW^.gWug j ^HtPugaWuEY\gh^N`acudef_vuYu^N²@^'UeWYud^.`@ftWZY j ^:gh]
etX^Hc@Y\eµ9^ j ghcttdgYvgeW¥Yud^.cd^HÅWY j ^Hga]%etX^Hc@Y\eµ9^ j ¸»ud^'c j ^HWY\g j Yefcd9Je¡g¤s j `X_^HW\W¥cd^'^:tdW¥Y`9^
ectd^HtY`gWZY j ^:gh]eY¥f`V`a²XWrghYrYud^`atWZY j ^:gh]eftX^HcEYe^ j ecY\ud^ug@WuEYvghdf^"ghc9teµ¡CeYtX`V^HWpcd`hY
^'XefWYH3gcd^' WZY j ^:gh] eW_ j ^HghY^:tn m YYud^^Hct¶`h¡ j ^HWY` j ghYef`acªYud^ug@WuEYvghdf^_Hghc¦J^©tX^'f^Y\^Htn
­©^Yu`VtWpbW^Ht©Y`¤dec9tPghc9tPtX^'Y\ga_vugs j `X_^HW\WY\`¤g¤WZY j ^:gh] ec_'g@W^`a¡ ].e j ghYef`ac©g j ^"Yud^.Wga].^
¡¹` j _vud^:_v²Vs9`@ecEY±³ j ^:WZYvg j YH m,j ^:WZY\` j ^Ht_`@].]"bdcde_'ghYef`ac©WY j ^Hga]%tX`V^:Wpcd`aY¥ef].sdUgacEU`~a^ j u^Hgat`@c
_'`a].sdbXYvgY\e`@cWec9_^Yud^ j ^eW3cd`.].^HW\Wgaa^¥¡¹` j g j tdecd9
  ¥"!¤)
m s j `hY\`hYZUVsJ^ug@W(9^H^'ce].sdf^'].^Hc@Y\^Htefc ¾¿dÀnÀnÁ¹ÂÃ
¿dÄ»TT q ½(T < > .3udeW(s j `hY`aYZUVs9^Nec9_fbtX^HWg
_vu^H_v²Vs9`@ecEY³ j ^HWY\g j Y¥b9W^ j £ÛecEY\^ j ¡¨ga_^¬¨W^'^TV^:_±Y\e`@c F°±
s9g j ghf^Hgasdsdfef_HgY\e`@cP¡ j `acEYef^ j _Hgh_bdgY\e`@c
¬SW^H^TX^H_±Y\e`@c¶ @°uef_vu¦tX`V^HWNcd`aY.U@^YNY\ga²a^_'g j ^`h¡¥WY j ^Hga].WHk`@s9^Hc¶WY j ^Hga].W j ^HWY` j gY\e`@c ¬¨W^'^
TX^H_±Y\e`@c$d BE°¥¡¹` j
	 {xuyhwWZY j ^:gh]W'af`agakudef^ j g j _vude_'ghk_'`V` j tXec9gYef`ac _vud^:_v²EsJ`aefcEYefcd©ghc9t
j ^HWY` j ghYef`acP¬SW^H^"TV^H_Yef`acd @°
3udeWNW^:_±Yef`ac§s j ^:W^Hc@YvW^XsJ^ j e].^Hc@YvW j ^Hgae@?'^:tPY\`P^H~Fgab9gY^`ab j ga@` j eµY\ud]W'Y`P]N^:gaWb j ^Yud^
WY` j gaa^kef].sga_YC`ac"sJ^ j ¡¹` j ]ghc_'^aFY\`~gaetdgY\^gasdsdfef_HgY\e`@c j ^HWY` j gY\e`@ceYud`@bXYCcd`XtX^ ¡¨gaefb j ^HWghc9t
Y\`.~a^ j e¡¹UWZY j ^:gh] j ^HWY` j ghYef`ac
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 eFIH  GijKpxOkb@KNS^`PY	 c%UTS/5 O `hORU^SeM
Ò VsJ^ j ef]N^HcEY\gY\e`@cWNugF~a^9^H^'c¦tX`acd^bWec_'bWY^ j W`h¡(Y\` Bcd`XtX^HWN_`@].]"bdcde_'ghYefcdYu j `abd@u
Ò Yud^ j cd^'Y¥:a(­deY±³hW'C3ud^rc`Vtd^HW g j ^sJ^ j W`acga_`@]NsbXY^ j W eµY\u i ^HcEYefbd] qq ´ i  gactyXF(­©®
`a¡].^'].` j U@
3ud^¾¿dÀnÀnÁ¹ÂÃ
¿dÄ¶@`@ghYvgaW²PW_vu^HtXbdf^ j eWtXeWgad^:tPtXb j efcdYud^^'Xs9^ j ef].^'cEY\WHNTV`Y\ud^ j ^.efW
c`s j ^'^'].sXY\e~@^s j `V_'^HW\Wk].ef j gYef`acgact.s j `V_'^HW\W^:WCg j ^pWs j ^:gat¡¹`aff`ecd(Y\udeW j bd^ AgW`acs j `X_^:WW
j bdcW`@cPcd`XtX^
n + 1
]N`XtXb`
N

N
J^'efcdYu^Y\`hYvghcVbd]"J^ j `h¡cd`XtX^HW(ghc9t
n
Y\ud^.cd`XtX^Nudef_vu
u`@WY\W3eY\Wsg j ^HcEYs j `X_^:WWH
´ud^:_v²Vs9`@ecEYefcdYef].^HW j ^HWbdµY¡ j `a] Yu^(gF~@^ j gh@^r`h¡Cy"_'`acW^H_'bXYef~a^].^HgaWb j ^'].^'cEYvW' o ^HWY\g j Y\ec
Y\e].^ug@W39^H^'c].^Hg@Wb j ^Ht¤g¡¢Y\^ jrj ^'J`V`hYefcdN^Hg@_vu¤cd`XtX^:W3`h¡Yud^_'b9WZY\^ j 
Õ b j ecd ^'VsJ^ j ef]N^HcEY\WH ]ghcVU$WY` j gh@^¤gasds j `@ga_vu^HWugF~a^9^H^'c¶bW^Htn¦3ud^|p¯CT¶_^Hc@Y j gae@?'^:t
W^ j ~a^ j bW^Ht$Y` WZY\` j ^¤_vud^:_v²Vs9`@ecEY"9^:W"eWN^VY^ j cga Y\`PY\ud^_fbWY^ j  ¸»ud^'c«Yu^_vud`EW^HcªWY` j gh@^
gasds j `@g@_vuefWYu^b9W^`h¡Yud^cd`XtX^HWf`X_'ghRug j t¤t j e~@^HW ¡¹` j ].ghYY\^Htb9WefcdYud^  4¤9^'£ÛWUXWZY\^']VYud^
_vu^H_v²Vs9`@ecEYf^HWp]"bWYpJ^]ghcVbgafU¤_'`asdef^Ht`ac©gacd`XtX^HWr`h¡Yud^WZY\` j gha^(J^¡¹` j ^Y\ud^ j ^HWY` j ghYef`ac
_Hghc¤Y\ga²a^(sdga_^@
 eF  noKNM	 `hM
q c7g  j WZY^'Xs9^ j ef].^'cEYH^PugF~@^©_`@]Ns9g j ^Ht«YZ`«_vud^H_v²VsJ`aefc@Y\ec$ghfa` j eYud]WAPY\ud^© j WY`acd^PefW
Y j gF~@^ j WefcdYu^Y j ^'^`a¡rs j `V_'^HW\W^:W¡ j `@] Y\ud^ j `V`hYgact§_vud^:_v²EsJ`aefcEY\W^:ga_vu§s j `X_^:WW`@cd^gh¡¢Y^ j Yud^
`aYud^ j aYud^rW^H_'`actN`@cd^efWkY j gF~a^ j WecpY\ud^3Y j ^'^r`a¡Js j `X_^:WW^HWHaW^'ctdecdc`ac.df`V_v²Vefcds j `X_^HW\WC_vud^:_v²@£
sJ`aefcEY j ^:¼Ebd^HWY\W.ghc9tªY\ud^'c¦3gheYefcd¡¹` j g@_v²Ec`^:tXa].^'cEYvW' m Wgasdsdfef_HgY\e`@c«s j `X_^:WW^HWg j ^tXeWZ£
s9gY\_vu^Ht¦`acYud^tXeR^ j ^'cEYcd`XtX^HW`h¡Yu^_fbWY^ j pW^'c9tXec$cd`ac d`X_v²Vefcdª_vud^:_v²EsJ`aefcEY j ^H¼Ebd^HWY\W
`J^ j W `h¡_'`ab j W^p9^'YY^ j3j ^:WbdY\W Yu9ghc3gheYefcd"W^H¼Ebd^Hc@Y\efgafUN¡¹` j ^Hga_vus j `X_'^HW\W _vud^:_v²EsJ`aefcEYH o ^HWbdY\W
¡¹` j gacghsdsdfe_'gY\e`@c_`@]NsJ`@W^HtN`a¡k 	(s j `X_^HW\W^HWkg j ^pWud`c.efc¯e@b j ^ B`"WYb9tXUWZY\` j gha^WUXWZY\^']
ef].sga_YH@^3ugF~@^bW^Ht.g(|p¯CTN_^HcEY j ghfe"?H^HtNW^ j ~@^ j ` j Y\ud^`X_HghdtXeW²"`h¡R^Hga_vu._fbWY^ j cd`XtX^a o ^HWbdY\W
td^'].`acWY j gY\^3Yud^¥ecEY\^ j ^HWY `h¡RYu^psg j gaf^'ga@` j eµY\ud]ÅgactWud`ªY\ugYeµYefWbW\ghdf^bWecdg_^Hc@Y j gaµ£
e@?'^:tf^"W^ j ~@^ j ½p¡k_`@b j W^adYud^"WY` j gaa^WUVWY^H]u9gaWrgace].sg@_±YHJW`eY¥Wud`abftJ^efc@Y\^ j ^HWYefcd.Y`
Y\^HWYreµYr`@cg.tXeWY j edbdY^Ht¤f^WUVWY^H]
m W^:_`ac9t¤^'Xs9^ j ef].^'cEYpug@W~ghfeftdghY^:t`ab jrj ^HWY\g j Yr].^:_vughcdeW] `ac©gN¡¹^H^ j cVbd]9^ j `h¡Ccd`XtX^:W'
m cghsdse_'ghYef`ac_`@cWYeYbXY\^Ht.`h¡C 	(s j `X_'^HW\W^:W j bdccdec`ac Bcd`XtX^:Wkug@WkJ^'^Hc_vud^H_v²VsJ`aefc@Y\^Htn3ud^Hc
Y\ud^gasdsdfef_HgY\e`@c©ugaW¥J^'^'c j ^:WZYvg j Y^Ht`@cXn` j B¤cd`XtX^HWp¡ j `a]Yud^.Wga].^_vud^:_v²EsJ`aefcEYHJbWecdYud^
f`X_'gadtXefW²`a¡J^:ga_vu_'b9WZY\^ j cd`XtX^` j Yud^^'EY\^ j cghX|¥¯TNW^ j ~a^ j ¡¹` j Yud^rWY` j gaa^@¯e@b j ^ryWud`rWYud^
j ^HWbdY\WH Õ b j ec^'VsJ^ j ef]N^HcEY\WH@^:ga_vus j `X_^:WW`h¡nY\ud^¥s9g j ghf^HJgasdsdfef_HgYef`ac j bdc9W `@cYud^cd`XtX^
n + 1eYu
n
Y\ud^cd`XtX^(ud`EWZY\ecdNeY\W3sg j ^Hc@Ys j `X_^:WWH q YeWYud^` j WY3_HgaW^p¡¹` j Y\ud^ j ^HWY\g j YefcdNghfa` j eYud]
Wefc_^gNs j `X_^HW\W_'gacdcd`aYr9^ j ^HWY` j ^:tbdcEY\eeµYvWsg j ^'cEYs j `X_^HW\W3eW j ^:WZY\` j ^Htnk3u9gYreWuVUYu^ j ^efW
gN^Hga²tXeR^ j ^'c9_^bWec.|¥¯CT¤W^ j ~a^ j ` j Yu^`X_'ga
tXeW²XW3`h¡^Hg@_vu_'bWY^ j cd`XtX^a
m Y\ude j t^Xs9^ j ef].^'cEYugaW(J^'^Hc§tX`acd^NY\`~gaetdgY\^NYud^WY j ^Hgh] j ^:WZY\` j gYef`ac ikj `V_'^HW\W(gaeµY\ec
efcgWUXWZY\^'] _Hghf
_'ghccd`hY39^_vud^:_v²Vs9`@ecEY^:tVUY\ud^_b j\j ^HcEYef].sd^H].^'cEY\ghYef`ac`h¡Y\ud^(s j `V_'^HW\W3WZYvgY^
^'VY j ga_±Y\e`@c ]N^:_vughcefW]2s j `~VetX^Ht VUª¾¿dÀnÀnÁ¹ÂÃ
¿dÄkP3uVbW"eY]ga²a^HWcd`hY._b j\j ^HcEYfUsJ`@W\Wefdf^Y`
_vu^H_v²Vs9`@ecEY j ^Hga` j ftgasdsdfef_HgYef`ac9W' m W¥W`V`ac©g@WYuefW¥ef].eµYvgY\e`@c©ef9^NW`@~@^HtnJ^Wud`@bdt9^
gadf^.Y`©_vud^:_v²EsJ`aefcEYectdbWZY j eghghsdsdfe_'gY\e`@cWH¯d` j cd`^.ugF~a^NY^:WZY\^Ht `@b j ` j ²ghJ`abXY`@s9^Hc
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WY j ^Hga]W j ^:WZY\` j gYef`ac`ac§ghc ^:WsJ^H_'efgafUP j eµYY^Hc$ghsdsdfe_'gY\e`@c
3udeWgasdsdfef_HgYef`ac eW_`@].s9`EW^:t`a¡
YZ`s j `X_^:WW^HW¬¨g¤sg j ^'cEYps j `X_^:WWghct©eµYvWW`acJ°±(¯e j WZY(g 	
 {xuyhw.¤WY j ^Hgh] eWp`@s9^Hcd^Ht
9Y\ud^'c
Y\ud^©_vudefft¶s j `X_^:WW.W^'ctdWtdgYvgPY\`§eµYvW.sg j ^'cEYVU$Y\ud^©WZY j ^:gh]Yud^sg j ^HcEY.s j efcEY\WNYu^ j ^:_^'ef~a^:t
tgY\g  ghY^ j XY\ud^_`@].]"bdcde_'ghYef`aceWrWZY\`asdsJ^Ht ¬¨dbXYrY\ud^"WY j ^Hgh] j ^H].gaec9W`asJ^'c9°Y\`]gh²a^g¼EbdeY^
f`ac_`@]NsbXY\ghYef`acPtXb j efcdude_vuPg¤_vud^H_v²VsJ`aefc@Y¥efWWgF~@^Htn m Y¥Y\ud^"^Hct©`a¡CYud^N_`a].sdbdY\gY\e`@c
JYud^
_vuets j `X_'^HW\WW^HctdWrW`a].^tdghY\gY`eY\Wrsg j ^'cEYY`^HcWb j ^Y\ugYrY\ud^"WY j ^Hga] efWpWZY\ef`@s9^Hc
 m YrgaWYH
Y\ud^WY j ^Hgh]efWp_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